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DEVICE FOR TREATING A WOUND 

Cross-reference to Related Applications 

This application claims priority from U.S. provisional patent application number 
60/410,718, filed September 16, 2002. 

Field of the Invention 

This invention relates to a medical device and related methods for treating 
wounds by promoting wound drainage. 

Background of the Invention 

In the medical field there are many types of wounds that require treatment. In 
some instances they are post-operative wounds, but in other instances they can be open 
wounds that cannot yet be closed, as where infection sites exist, where open wounds 
require periodic application of medicine, or where the wounds are chronic non-healing 
pressure ulcers, venous ulcers, diabetic ulcers or where the wounds are too large to close 
surgically and must be allowed to heal on their own. In such cases, it is known that it can 
be desirable from the point of wound treatment, to apply a negative pressure or suction to 
the wound to remove fluids and exudates from the wound. 

Summary of the Invention 

The present invention is directed to a medical device that encloses a wound and 
promotes wound drainage by suction. 

The device of this invention includes a preferably anisotropic wound packing 
means, most preferably of the gauze type, that is configured and packed into the wound 
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so as to encourage contraction of the wound in selected directions; such as contraction of 
the sides of the wound toward each other, toward eventual closure of the wound. 

In one embodiment of the invention, suction is applied manually. 

In another embodiment of the invention, suction is applied either via hospital wall 
suction, or via a portable pump. 

Accordingly, it is a primary object of this invention to provide a medical device 
for treating a wound, in which an enclosure (sealing means) is placed over the wound and 
adhered to the skin disposed about a wound, with packing being placed into the wound 
for absorbing fluids from the wound to prevent or minimize pooling of liquid in the 
wound, and with suction being applied to the enclosure for facilitating transfer of fluids 
from the wound to the wound packing and to facilitate transfer of fluids from the wound 
packing out of said enclosure. 

It is a further object of this invention to provide a medical device for treating a 
wound by promoting wound drainage, in which an enclosure (sealing means) is placed 
over the wound, and adhered to skin disposed about the wound, and wherein suction is 
applied to the enclosure for continuously applying suction to the wound, while 
periodically varying the level of suction applied to the wound. 

It is another object of this invention to provide a medical device for treating a 
wound by promoting wound drainage, comprising an enclosure for placement over the 
wound and adhering it to skin around the wound, and to apply suction means to the 
enclosure for facilitating transfer of fluids from the wound to a wound packing that is 
placed in the wound, with the packing being configured to encourage contraction of the 
wound in preferred directions. 

It is another object of this invention to accomplish the above object, wherein the 
packing is a gauze type material. 

It is yet another object of this invention to accomplish each of the above objects, 
wherein the enclosure is provided with an openable and reclosable cover to facilitate 
access to the wound and ready re-sealing capability for the enclosure. 

Other objects and advantages of the present invention will be readily understood 
upon a reading of the following brief descriptions of the drawing figures, detailed 
descriptions of the preferred embodiments, and the appended claims. 
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Brief Descriptions of the Drawings 

Fig. 1 is a cross-sectional view of a medical device for application to a wound, in 
which a bellows type film enclosure or sealing means is provided with an adhesive- 
covered lower surface having a release paper applied thereto at its lower end, and with a 
bulb type suction device connected to an openable enclosure on the device. 

Fig. 1 A is a perspective view of the device of Fig. 1 , applied to a leg wound of a 
patient, showing the openable/reclosable feature of the enclosure of this invention. 

Fig. 2 is a sectional view similar to that of Fig. 1, but wherein the release paper 
has been removed from the bellows-type enclosure, and the enclosure is adhered to skin 
disposed about the wound, with rolls of packing being shown disposed in the wound, and 
with the bulb applying suction to the wound for gathering liquids therefrom for discharge 
to a container. 

Fig. 3 is a cross-sectional view of a spirally wound roll of wound packing, taken 
generally along the line III-III of Fig. 2, to illustrate the packing in transverse section. 

Fig. 4 is an illustration similar to that of Fig. 2, but wherein the wound is 
illustrated in a somewhat contracted manner to the illustration of Fig. 2. 

Fig. 5 is an illustration of another type of enclosure or sealing means for a wound 
embodying some of the features of the enclosures illustrated in Figs. 1, 1A and 2. 

Fig. 5 A is a fragmentary detail view of the right side of the enclosure of Fig. 5, 
prior to removal of a release strip from below the gap-filling material that is carried by 
the lower surface of the enclosure. 

Fig. 6 is an illustration of another alternative enclosure or sealing means for a 

wound. 

Fig. 7 is an illustration of yet another alternative enclosure or sealing means for a 
wound, in which a reclosable mechanical interlock is used. 

Fig. 8 is an enlarged detail view of a portion of Fig. 7, taken along detail VIII of 
Fig, 7, and wherein the reclosable mechanical interlock is more clearly illustrated. 

Fig. 9 is an illustration of the medical device of this invention, similar to that of 
Fig. 2, but wherein, instead of a bulb type suction device, there is shown a suction device 
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in the form of a controller for hospital wall suction or a portable suction pump, for 
applying suction continuously at a fixed level and continuously at a level that is 
periodically varied. A leak indicating component is illustrated as well. 

Detailed Descriptions of the Preferred Embodiments 

Referring now to the drawings in detail, reference is first made to 
Fig. 1 , wherein the medical device 10 for treating a wound is shown, as comprising an 
enclosure component 1 1 and a suction component 12. 

The enclosure component 1 1 includes a peripheral flange 13, a bellows 14 that 
includes a first bellows leg 15 and a second bellows leg 16. A top flange 17 is connected 
to the bellows leg 16, just as the bottom flange 13 is connected to the bellows leg 15, as 
shown. The flanges 13 and 17 and the bellows 14 are preferably comprised of a thin 
polyurethane film. An adhesive 18, that is preferably comprised of an acrylic skin 
contact adhesive, is disposed on the lower side of the flange 13, for adhesively engaging 
against skin (not shown in Fig. 1) peripheral to a wound. A release layer 20, of paper or 
film is carried against the adhesive layer 18 beneath the flange 13, with the release layer 
20 sandwiching a gap-filling material 19 between the release layer 20 and the flange 13, 
but being readily removable by grasping an edge such as that 21 thereof, and pulling the 
same therefrom, to uncover the adhesive layer 18. 

The flange 13 has, at its periphery, a frame 22 comprised of a semi-rigid 
polyethylene foam peripheral portion 23, preferably of the closed cell type, adhesively 
connected to a peripheral portion 24 of the flange 13 that is partially severed therefrom 
by a plurality of perforations 25, such that the frame 22, which provides support for the 
flange 13 and bellows 14 during the process of application about the wound of a patient, 
and may readily be removed therefrom, by severing the frame 23 from the rest of the 
flange 13 after such application, by tearing the same from the flange 13 along a 
peripheral severance line defined by the perforations 25. 

The frame 22 supports the thin film of the flange 1 3, which would otherwise be 
difficult to handle once the release paper 20 is removed therefrom. 
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The upper flange 1 7 of the enclosure 1 1 is connected by means of a suitable 
adhesive, heat seal or the like to a layer 26 of polyethylene foam, which, in turn, is 
connected to a layer 27 of preferably polyethylene film by means of a suitable adhesive 
or heat seal, 28, as shown. A removable cover 30 for the enclosure 1 1 is comprised of a 
preferably vapor permeable polyurethane film 31, suitably secured to a preferably 
polyethylene foam peripheral layer 32 by means of a suitable adhesive, heat seal or the 
like. The layer 32 of foam carries a pressure sensitive acrylic adhesive layer 33 on its 
lower surface, for adhesive connection and disconnection, as desired, against the upper 
surface of the layer 27, whenever it is desired to remove the cover 30 from the remainder 
of the enclosure, for access to the wound, by simply grasping one edge of the cover 30, 
and lifting the same upwardly, as such lifting is shown to have begun at the right side of 
Fig. 1, for example. The adhesive 33 maintains its tackiness and can be repeatedly 
adhered to the surface 27 when the cover 1 1 is closed. 

The bellows 14 acts as an extending means, allowing the flange 17 to float so that 
it can remain relatively wrinkle free. Maintaining the flange 1 7 relatively wrinkle free is 
important in that it allows the cover 30 to be releaseably sealed to the layer 27. The 
ability of flange 17 to float also prevents direct application of force to the wound during 
reapplication of the cover, thus avoiding potentially painful occurrences to the patient. 

It will be apparent that in the various illustrations of the various figures herein, the 
flange 13, the bellows 14, the flange 17, and the film 31 of the cover 30, are all extremely 
thin materials, but, as illustrated, are of exaggerated thickness so that the various layers 
may be readily seen and understood. Similarly, the various foam layers, such as those 26 
and 32 are likewise of exaggerated thickness, for enabling visual presentation of the 
various layers, for facilitating an understanding thereof. Thus, the various layers of 
material illustrated in the drawings are not to scale. Rather, the enclosure is substantially 
flexibly conformable to the surface around the wound and is substantially non-protruding 
away from the skin surface around the wound when applied to the surface around the 
wound and when suction is applied. 

As can be seen in Figs. 1 and 2, the enclosure 1 1, after removal of the 
release layer 20, leaves an opening that has a peripheral zone adapted to be applied to the 
skin surface around the wound, leaving an enclosure area inside the peripheral zone of a 
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predetermined size, greater than the area of the wound to which the enclosure 11 is to be 
applied. 

The cover 30 of the enclosure 1 1 has, on its upper surface, a suitable plastic 
tubing 34, heat sealed, or welded as shown at 35, to the upper surface of the layer 31, 
about an access opening 36 into the cover 30, as shown. 

The tubing 34 thus connects the enclosure 1 1 to the suction device 12. 

The tubing 34 is then connected to a flexible manually actuable bulb 37 through a 
caged ball type check valve 38 at the inlet thereof, with the ball 41 thereof adapted to seat 
against the seat 40 at the left side thereof, and with a suitable cage 42 limiting the 
rightward movement thereof into the bulb 37. The outlet 43 of the bulb comprises a 
check valve 43, likewise comprising a ball 44, adapted to seat against the seat 45, 
leftward thereof, and caged by a suitable cage 46 at the right side thereof, as shown in 
Fig. 1 . 

A spring element 47 is shown inside the flexible bulb 37, with the spring element 
47 being significantly preloaded to provide a suction force when compressed, equivalent 
to approximately 100-125mmHg. The wall of the bulb element 37 is sufficiently rigid to 
resist deformation under suction, but flexible enough to allow easy manual compression 
of the bulb and spring. The bulb element 37 may, for example, be fabricated from a 
material such as a flexible polyvinyl chloride or a silicone material. 

With reference to Fig. la, it will be seen that the enclosure 1 1 is being applied to 
the leg portion of the body 52 of a patient, such that, after a flange 13 is adhesively 
secured to the skin 53 (not shown) of a patient, the cover 30 is openable and re-closable 
relative to the upper surface 27 such that packing cylinders 55 may be inserted into the 
wound 51, and then the cover 30 re-applied, so that suction can be drawn on the wound 
51 via the suction device 12, by means of the squeezing of the bulb 37 drawing suction 
on the wound opening 51, via the tubing 34. 

Thus, a pumping action can be obtained by squeezing the bulb 37 to expel 
contents, such as liquid removed from a wound, through check valve 43. The spring 47 
and the natural resilience of the wall of the bulb 37 exert an outward force to draw fluids 
into the bulb 37, through the check valve at the inlet 38 to the bulb 37. The spring 47 
provides a resistance to rapid decay of suction in the bulb 37. When the bulb 37 is 



6 



exerting its suction force, the check valve 43 reacts against the suction and seals, such 
that the ball 44 seats against the seat 45, with the suction within the bulb 37 keeping the 
ball 41 unseated, so that fluid from a wound is drawn into the bulb 37 through the check 
valve 38. The tube 34 transmits the suction from the bulb 37 to the wound. When the 
bulb 37 is squeezed, and the ball 41 seats against the seat 40, such encourages the 
expulsion of fluids from the bulb 37 during the squeezing thereof 

Fluids discharged from the bulb, through the outlet check valve 43 thereof, are 
thus delivered via line 48 to a discharge container 50 or other available waste receptacle. 

With reference now to Fig. 2, it will be seen that the device 10 of this invention is 
shown applied to a wound 5 1 in the body 52 of a patient, in that the flange 1 3 is 
adhesively sealed against the skin 53 of the body 52 of the patient, peripheral about the 
wound 5 1 . Generally, first, prior to application of the enclosure 1 1 to the skin 53 of a 
patient, the release layer 20 is removed therefrom. Subsequently the flange 13 and gap 
filling material 19 of caulk-like paste for filling in any creases, gaps or the like, are 
simultaneously applied to the skin around the wound. 

The paste or caulking that forms the gap-filling material 19, is preferably 
incorporated into the enclosure 1 1 during manufacture of the enclosure. 

The gap-filling material is a flowable, conformable material that is substantially 
memory-free. That is, it can be pressed onto the skin, into imperfections, around hairs, 
and other imperfections and it will remain where it is applied, and will not return to its 
original shape or configuration. Thus, it will maintain its seal relative to skin 
imperfections, hairs, etc. 

The gap-filling material will preferably be made in accordance with the teachings 
of U.S. Patent No. 6,509,391 B2, the complete disclosure of which is herein incorporated 
by reference. 

Also, either prior to applying the enclosure 1 1 to the skin 53 of a patient, or 
thereafter by removal of the removable cover 30, a wound packing material 55 is applied 
into the wound 51. 

The wound packing material 55, as shown in Fig. 3 will preferably be comprised 
of an anisotropic wound packing, most preferably being a spirally wound, cylindrically 
configured winding of gauze, as shown in Fig. 3. 
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As shown in Fig. 2, the packing 55 may comprise a plurality of such cylindrical 
windings. The packing cylinders 55 provide a number of functions. The packing 55 
prevents pooling of fluid in the wound cavity 51 and allows for wound drainage to be 
drawn from the wound surface and out of the enclosure 10. The packing cylinders 55 
may be comprised of medical gauze. By using a construction for the packing 55 as 
shown in Fig. 3 5 such allows the gauze cylinders 55 to preferably collapse inwardly in the 
radial directions as indicated by the axes 56 and 57 as shown in Fig. 3, but not in the 
direction of the axes 58 as shown in Fig. 2. It will be seen that the axis 58 is in the 
vertical direction, facing upwardly or outwardly from the wound cavity 5 1 , whereas the 
axes 56 and 57 face the sides 60 of the wound 51. This anisotropic behavior of the 
wound packing material can be utilized to impose a controlled directional strain on 
tissues in a medically preferred direction and amplitude necessary to optimize closure of 
difficult wounds. 

Thus, as suction is applied to the wound 51, in the manner discussed above, into 
what would be the cavity 62 just above the wound, except that the cover 30 is sucked 
down to the packing 55 as shown in Fig. 2 and the wound 5 1 is encouraged to contract, 
side-to-side, and front-to-back, such that it tends to close peripherally, from a larger 
dimension "X" as shown in Fig. 2, to a smaller dimension "Y" as shown in Fig. 4, over 
time. The gauze cylinders, as illustrated, provide a versatile method for packing or filling 
the wound space that can be tailored to individual wound shapes. 

Thus, it will be understood, that, in order to create a suction in zone 62 as shown 
in Fig. 2, the bellows 14 collapses to a position somewhat as shown in Fig. 2, from that 
shown in Fig. 1 . 

With reference now to Fig. 5, it will be seen that tissue or skin 70 is shown as 
having a wound 71 therein and an enclosure 72 of thin film is applied to the wound, with 
a gap-filling material 73 between the lower surface 74 of the enclosure 72 and the upper 
surface 75 of the skin, with said gap-filling material 73 functioning in the same manner as 
that 19 for the embodiment of Fig. 2, for example. The gap-filling material 73 is carried 
beneath the outer peripheral portion of the enclosure 72, therebeneath, and sandwiched 
between enclosure 72 and release liner 67. The liner 67 may be grasped by the tab 68 
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shown in Fig. 5A and removed from beneath enclosure 72 prior to enclosure 72 being 
applied to the surface 75 of the skin 70. 

An adhesive 76 may be applied to the surface 74 5 for functioning together with 
the gap-filling material 73, to adhere the enclosure 72 to the surface 75 of the skin 70. 

With reference now to Fig. 6, an illustration somewhat similar to that of Fig. 5 
will be noted, in which the skin 77 has an enclosure 78 applied thereto, also of a thin film 
or the like, held thereon by a gap-filling material 80, similar to that discussed above with 
respect to the illustration of Fig. 5, and wherein the wound 81 is covered by the enclosure 
or sealing means 78, and wherein a partial vacuum or suction line 82 is provided, 
drawing a vacuum from the wound 81 in a direction of the arrow 83, via the access 
opening 84, for providing a reduced pressure in the wound 81, for healing purposes and 
to remove drainage materials. In addition thereto, the suction drawn via line 82 may also 
assist keeping the peripheral portion or flange 85 of the enclosure 78 adhered to the 
surface 86 of the skin, although an adhesive 87 may also be used against the undersurface 
of the flange 85, to further secure the flange 85 to the surface 86 of the skin, as may be 
desired, such adhesive functioning similarly to that described with respect to Fig. 2. 

With reference now to Figs. 7 and 8, it will be seen that the skin 90 has a wound 
91 therein and a thin film comprising an enclosure 92. The enclosure 92 includes an 
upper layer 93, a lower layer 94, and a flange 95. The flange 95 is hingedly connected to 
the lower layer 94 by a suitable heat seal or integral connection 96, extending around the 
periphery of the wound. The connection between the lower layer 94 and the upper layer 
93 of the enclosure 92 may be a mechanical reclosable connection, whereby one, or a pair 
of male protrusions 97, 98, may engage in a corresponding one or more female recesses 
100, 101, in a snap-fit engagement, to provide an air-tight seal completely or partially 
around the periphery of the connection of the lower layer 94 with the upper layer 93. In 
the embodiment shown in Fig. 7, the reclosable mechanical interlock as shown in Fig. 8 
is not fully around the periphery of the connection of the layers 93 and 94 together, with 
such layers being hingedly together at the left end, with generally half or more of the 
connection being of the type of Fig. 8, around the periphery of the connection of the 
layers 93, 94 together. This will allow opening of the reclosable mechanical interlock 
shown in Fig. 8, for accessing the wound 91, for cleaning, replacement of gauze, etc. 
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In the embodiment of Fig. 7, a suction line 1 02 is used to draw suction in the 
direction of the arrow 103, from the wound 91, via the opening 104 in the film layer 93. 

Additionally, in the embodiment of Fig. 7, an adhesive 105 may be used on the 
undersurface of the flange layer 95, in the manner described for the embodiments above. 
Furthermore, a gap-filling material 106 may also be used between the flange 95 and the 
outer surface 1 07 of the skin. 

Occasionally, a wound might exist at a location where the enclosure is subjected 
to repeated motion, such as at a joint. For such a wound, it is desirable to use a 
combination of the mechanical interlock of Fig. 7 and the adhesive of Fig. 1. 

With reference to Fig. 9, an alternative source of suction is provided, wherein the 
enclosure 10 is constructed similar to that shown for Figs. 1, 2 and 4, applied to the 
surface 53 of a patient 52 having a wound 51 therein, with packing 55. 

However, in the embodiment of Fig. 9, the enclosure 10 is connected to a 
discharge container 150 via a preferably plastic conduit line 134. 

In the embodiment of Fig. 9, a source of suction is applied at 151, in the direction 
of the arrow 152. The source of suction may ultimately be a hospital wall suction system, 
or the suction source may be a portable one, as shown at 153, in phantom, as an 
alternative. For a portable source of suction 153, a pump 154 or the like, or compressor 
may be driven via a battery 155, to create a suction that is delivered via suction line 156, 
to the suction line 151, in lieu of wall suction. 

It will be apparent from the above that a portable source of suction as at 1 53 can 
employ various pumping devices, such as a 1 10 volt A.C. motor- vane pump, a diaphragm 
pump, a solenoid pump, or a D.C. motor pump, preferably of the rechargeable type. 
Alternatively, such means for providing suction can be microprocessor controlled. 

Whatever the ultimate source of suction, the conduit 151 is connected to an 
intermittent regulator 157 and a continuous regulator 158, as shown. The outputs 160 
and 161 of the respective regulators 157 and 158 are connected to a selector valve 
manifold 162 via suitable check valves that comprise balls 163, 164 having associated 
respective seats 167 and 168, suitable caged for limited ball movement by cages 165, 
166. 
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A gauge 1 70 indicates the suction level being applied to the wound 5 1 . When the 
intermittent regulator 157 cycles on, its check valve 163 permits high suction to the 
wound 51, which high suction overrides the setting of the continuous regulator 158. As 
the intermittent regulator 157 cycles off, the bleed orifice 171 allows the selector circuit 
to vent off to the setting established by the continuous regulator 158. Thus, the controller 
generally designated by the numeral 1 75 will alternately apply a low level of suction to 
the wound 5 1 , or a high level of suction, with the suction in any event being continuous, 
but varying in level. 

The level of suction provided at the low level via the continuous regulator 158 
alone, may, for example, be at the level of 25mmHg, and the high level of suction may, 
for example, as provided by the regulator 157, may be, for example, at the level of 
125mmHg. 

The regulators 157 and 158 may be set for various levels of suction, as may be 
desired, by setting their control knobs 176, 177 respectively, to desired settings. 

It will be understood that, instead of the ball check valves 38, 43, 163, 164, 1 84, 
1 88, other valves may be used that would have the same function, such as duckbill valves 
or flapper valves, or the like. 

A wall suction-based system is more ideally suited to patients that are bedridden 
in a hospital or skilled nursing facility, because wall suction lends itself to certain aspects 
of suction for wound healing. Wall suction can provide consistent suction that is 
independent of the volume of fluid collected. There is also a benefit that can be 
attributed to intermittently varying the level of suction that is applied between two 
distinct levels of suction. The benefit of alternating suction is that a periodic relaxation 
has been shown to improve blood flow and increase wound drainage. However, relief to 
atmospheric pressure can be problematic with respect to maintaining a seal around the 
wound. By intermittently varying the suction, such provides the benefit of intermitting, 
while maintaining some suction to maintain the effective seal of the enclosure about the 
wound. A similar system to that described above could be used to vary suction levels as 
well as switching between suction and positive pressure or per a defined algorithm. 

There will preferably be disposed between the control system 1 75 and the closed 
discharge container 150, a leak detection device 180. 
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The leak detection device comprises a closed container 181 , with a conduit 182 
connecting it to the manifold 162 that comprises the high/low selector unit, for delivery 
of the suction from the interior of manifold 162 to the zone 62 of the wound 51 , via the 
duct or tubing 134, and through the discharge container 150. The leak detecting unit 180 
functions such that by drawing suction on the interior 183 of the unit 180, via line 182, 
the suction will be the same as the suction level 185 in line 186 connecting the interior 
183 of the leak detection device 180 to the collection container 150, when the ball 184 is 
unseated relative to its seat 187. In the event that there is a leak between the leak 
detection unit 180 and the wound 51 or within the device 10, the resultant higher pressure 
in line 185 would cause the ball 1 84 to seat against the seat 1 87, such that the suction at 
zone 183 will draw air in line 185 past check valve 188 comprised of ball 190 and seat 
191, such that air bubbles will pass outwardly of conduit 192, through liquid 193 as 
shown at 195, to bubble upwardly to liquid level 194 that is maintained in the unit 180. 

The leak detection unit 1 80 helps to ensure that the system has minimal or no 
leaks and that suitable suction is maintained in the zone 62 of the wound dressing at the 
surface of the wound as well as within the cavities of the wound packing. Alternate 
systems that have been disclosed in the prior art involve microprocessors based systems 
that sound an alarm if the pump continues to run because adequate suction has not been 
generated. These systems result in high airflow prior to a leak being detected. High 
airflow has the detrimental effect of tissue drying along with elevated risk of infection, 
and is thus desirably avoided by this invention. The preferred approach described herein 
is based on flow as it is believed to be a superior method and provides the added ability to 
directly troubleshoot for actual leaks. Accordingly, the system 180 as described is a 
bubble detector. Preferably, the container 150 is of transparent construction to allow for 
ready viewing of the presence of any bubbles 195. 

In the event of an air leak, such is evidenced as a stream of bubbles 195 in the 
liquid 194, such as water, that is in the container 151. Thus, there is provided a direct 
indication of any leaking. Leak resolution is apparent by the absence of bubbles. 

The leak detector 180 should be tolerant to backflowing conditions that arise 
through the use of the intermittent application of suction as described above. Backflow 
of fluid is eliminated in the leak detector 180 by employing the check valves 184, 188, as 
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described above. When the intermitting regulator 157 shifts to a lower suction level, 
there would be a tendency for air to rush into the collection unit 150 and the wound zone 
62. Check valve 188 prevents loss of liquid 193 from the container 181 and valve 184 
admits air into the circuit. The flow rate of air in the leak detector 1 80 can be determined 
by timing the bubble rate. 

It will be apparent from the foregoing that various modifications may be made in 
the details of construction, as well as in the use and operation of the medical device of 
this invention, all within the spirit and scope of the invention as defined in the appended 
claims. 
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